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INVESTIGATIONS OF THE VARIZTAL RESISTANCE OF FIELD CORN TO THE 
EUROPEAN CORN BORER IN 1935 


By L. H. Patch, Associate Entomologist, and G TT. Bottger, Junior Ento- 
mologist, Division of Cereal and Forage Insects, Bureau of Entomology 
and Plant Quarantine, U. S. Department of Agriculture. ; 


The data given in this report were chained in connection 
with the project for Huropean Corn Borer Research conducted from the 
laboratory at Toledo, Chis. Various federal and state agencies and in- 
dividual seedsmen cooperated by providing the corn seed. Dr. J. R. 
Holbert, U. S. Bureau of Plant Industry, Bloomington, Illinois, provided 
10 of the le strains and varieties reported on under Experiment A, 431 
of the 42 strains planted in Experiment B, and 31 of the 136 inbreds 
planted in Experiment GC: Other contributors with the States they repre- 
sent are,as follows: Messrs. G H. Stringfield, Ohio; R. R. St. John, 
Indiana; A. A. Bryan, Iowa; N. P. Neal, Wisconsin; A. R. Marston, 
Michigan; H. K. Hayes, Minnesota; R. G, Wiggans, New York; A. M. Brun- 
son, Kansas; G. F. Sprague, Missouri; Charles Burnham, West Virginia; 
EH. J. Kinney, Kentucky; and W. R. Singleton, Connecticut. 


The following discussion deals with a continuation of similar 
investigations reported in 1934. The investigations in 1935 were car- 
ried on under three major phases, viz: The testing of the relative borer 
resistance and tolerance of double cross hybrid strains cf corn, in much 
the same manner as the 1934 work. The testing of the relative borer 
resistance and type of tassel emergence of single, 3—way, and double 
cross hybrid strains of corn which, in turn, initiated a study of single 
crosses chosen on the basis of the tassel characteristics of the inbreds 
used to produce the single crosses. The testing of the relative borer 
resistance of 136 inbred strains of corn, which was the first study of 
inbreds under corn—-borer conditions from the standpoint of selecting 
desirable inbreds on the basis of their tassel emergence, and other 
plant characters that might be conducive to corn-borer resistance, for 
use in producing resistant single crosses. 
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THE RELATIVE BORER RESISTANCE OF DOUBLE CROSS HYBRID 
STRAINS OF CORN, INVOLVING INBREDS OF KNOWN TASSEL 
EMERGENCE CGLARACTERIS TI CS 





EXPERIMENT A 


This experiment contained 8 double crosses involving inbreds 
Ill. R4, Ill. Hy, Iowa L317, and Ill. A4S, known to possess to some de- 
gree the characteristic of delayed eclosion of the tassel, and inbreds 
Ill. A, Ind. TR, Ill. 90, and B.P.r. 540 (or ITE 701) not having this 
characteristic. Delayed tassel eclosion is a term used in this discus- 
Sion to denote the delayed emergence of the tassel from the leaf vwrap- 
pings composing the enveloping whorl. In addition single crosses Hy x 
RU and A x TR were planted,in Experiment A, as standards for compari- 
son. Local varieties Woodburn and Clarage were planted also. 


These twelve strains of corn were replicated four times in 
each of the three plantings made on May 11, May 27, and June 11. The 
strains were distributed at random for planting in the 1e plots of each 
replication. Each half of each plot was two- by eight—hills in size, 
the halves being separated by four buffer hills to prevent the migra - 
tion of young borers from one half to the other. ‘Three plants of each 
of the 16 hills, in one half of each plot, were infested by hand with 

egg masses of the corn borer, or about 124 eggs per plant; the other 
half of the plot was subject only to natural infestation by moths. The 
mean date of egg hatching was July 19. When the borers became mature, 
during the last two weeks of August, a plant at random from each of le 
hills in each half of each plot was dissected to determine the number 
of borers contained. The data used for the borer-resistant phase of the 
Study and reported on in this report came from the half of each plot 
where infestations were made by hand. A sample of 12 x 44, or 48 plants, 
upon which about 5,90 borers had hatched was available as a basis for 
calculating tne rate of borer survival on each strain of corn. 


The mean numbers of mature borers per plant, resulting from 
the eggs placed on the plants by hand, plus those laid by the moths in 
nature, were 10.32, 5.50, and 3.cO for the May 11, May 27, and June ll 
plantings, respectively. The mean percentages of borer survival on 
these plants were 7.59, 4.19, and 2.53 on the three plantings, respec- 
tively. 


Tie mean number of mature borers per plant, including infested 
and non-infested plants, of all strains naturally infested was 1.29, 
0.57, and 0.21 for the three plantings,respectively. The mean percentage 
of borer survival on these plants was 10.75, 7.92, and 7.78, respectively. 
The lowering of the rate of borer survival on the hand-infested plants 
is thought to have been due to the competition of the higher level of 
young borers and not to any loss of vitality of the borers hatching from 
the eggs produced in the laboratory. 
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RESULTS 


EFFECT ON BORER RESISTANCE OF INCREASING THE NUMBER OF 
INBREDS POSSESSING DELAYED TASSZL ECLOSION IN PRODUCING 
DOUBLE CiiOSS HYBRIDS. 


For this test, 3, 4, and 1 double crosses were available involv~ 
ing 2, 3, and 4 inbreds, respectively, which as inbreds were known to 
delay tassel eclosion. The purpose of this experiment was to determine 
whether increasing the number of inbreds, having delayed tassel eclosion 
in the pedigree of double crosses, would further delay tassel eclosion 
of the doubie crosses and hence further decrease the rate of borer sur- 
vival. 


The mean number of days from tasseling to silking, based on 
Samples of about 90 plants, are given in table 1, for the May 27 and 
June 11 plantings, for each of the strains tested. the strains are grouped 
according to the number of inbreds having delayed tassel eclosion entering 
into their pedigrees. The silking dates and rates of borer survival for 
each planting are given in table 1. Referring to the plantings for which 
data are available, it may be noted that for double crosses involving 2, 
3, and 4 inbreds having delayed tassel eclosion, the mean silking inter- 
vals are 3/.7, 37.7, and 38.0 days, respectively. These three values 
are very nearly the same; hence, any differences among the groups, re- 
specting tasseling and the resulting rate of borer survival, would be 
caused by characteristics of the tassel not associated with the maturity 
of the strains. Therefore, the differences between the values giving the 
number of days from tasseling to silking, i.e., 7.52, 6.88, and 5.59, 
(table 1), are an approximate measure of the effect, on the rate of borer 
survival, of introducing 1 and 2 inbreds having delayed tassel eclosion, 
into the pedigrees of double crosses already having 2 of the desired 
inbreds, 


In the group of 3 double crosses, involving inbreds L317 and 
RU, L317 and Hy, and R4 and Hy, the number of days from tasseling to 
silking was 7.52 and the rate of borer survival was 4.32 percent. In 
the group of 4 double crosses, involving inbreds R4, Hy, and L317, or 
inbreds A 48, Hy, and L317, the number of days from tasseling to silking 
was 6,88 and the rate of borer survival was 3.67 percent. Since the dif- 
ference of 0.65 percent in the rates of borer survival is statistically 
Significant (odds of over 350 to 1), it appears that the adding of 1 in- 
bred, possessing delayed tassel eclosion, to the 2, having this charac- 
teristic already present in the pedigrees of the hybrids, further delayed 
tassel eclosion 0.64 of a day and, as a result, a percentage decrease 
of about 15 occurred in the rate of borer survival. 
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In the case of the double cross, involving inbreds R', Hy, 
L317, and A4S, the number of days from tasseling to silking was 5.59,and 
the rate of borer survival was 4.07 percent. ‘The differences between 
these values and the group of hybrids involving inbreds L317 and Ru, 
L317 and Hy, and RY and Ey, are 1.93 days and 1.25 percent. The differ- 
ence of 1.25 percent is statistically significant with odds of over 1000 
to 1. It appears that the adding of 2 inbreds, having delayed tassel 
eclosion, to the 2 with this characteristic already present in the pedi- 
erees of the double crosses, further delayed tassel eclosion 1.93 days 
and as a result a percentage decrease of about 29 occurred in the rate of 
borer survival. 


Apparently adding 2 inbreds, having delayed tassel eclosion, 
to the pedigrees of double crosses already involving 2 inbreds having the 
Same characteristic, had about twice as much effect in reducing the rate 
of borer survival as the adding of 1 of the desired inbreds to the pedi- 
gree. It should he noted, however, that this conslusiion can not be 
taken to apply generally. Since the experiment was conducted with such 
double cross hybrids, involving desired inbreds, as were available, the 
conclusions apply only to the specific combinations of certain inbreds 
making up the hybrids and to the plantings indicated, one of which was 
made much later than the normal time. the data do indicate that it is 
possible to effect increasingly greater and material reductions in the 
rate of borer survival on double cross hybrids by increasing the number 
of inbreds, possessing delayed tassel eclosion, up to the maximum num 
ber involved in a double cross. 


GREATER WIDTH AND LENGTH OF TOP LEAVES AS A FACTOR DELAYING 
TASSEL ECLOSION AND HENCE REDUCING THE RATE OF BORER SURVIVAL. 


The length, and basal and middle widths of each of the two top 
leaves of about 90 plants of each of the 12 corn strains of the May 27 
planting were measured when the leaves were fully developed. From these 
measurements the mean leaf area, in square centimeters of the top leaves, 
was calculated. This measurement is given in table 2, together with the 
mean time between tasseling and silking, and the percentage of borer 
survival, for each of the strains designated according to the field mm- 
ber given it in table l. 
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fable 2 

Strain Leaf Days from Percentage 
mumber aren tasseling of borer 

SQeCe to silking survival 
1 194 9.33 6.78 
9 229 6.71 2.8 
11 230 1-97 8.5 
6 235 6.95 3.21 
4 oh 59 236 

f 59 ° 

3 e5e §. 66 2.56 
7 252 7*51 3.48 
i5 258 8.69 6.62 
10 259 8.3 3.43 
8 275 6.8 3.77 
2 308 4.61 3.06 


These data taken as a whole, indicate that there is no 
obvious relation between leaf area of the top leaves and either days 
from tasseling to silking or rate of borer survival. Bui the leaf area 
of the top leaves of the resistant strain io. 2, Hy x R24, was 5&.3 per- 
cent greater than that of the susceptible astvain No. 1, A x TR. Also, 
the two top leaves of Hy x R4 remained wrapped around the tassels 4.72 
days longer, or 50.6 percent longer, than did the corresponding leaves 
around the tassels ef A x TR. No other strain in this experiment retained 
its top leaves around the tassel so long as did Hy x R4. Together with 
the tendency for leaf enclosure, it is the writer's opinion that long 
wide top leaves are conducive to a delay in tassel eclosion, and possibly 
to a tighter wrapping of the leaves around the tassel, thereby con - 
tributing largely to a lower rate of borer survival. 
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THE RELATIVE BORER RESISTANCKR OF SINGLE CROSS AND MISCELLANEOUS 
4~WAY AND DOUBLE CROSS HYBRID STRAINS OF CORN. 


EXPERIMENT B 


In this experiment 21 single crosses were planted on May e7. 
These were of all nossible combinations of 7 inbreds as follows: Kansas 
Yellow Saline (K.Y.S.), Iowa L317, Woodworth's Ill. 5120, I11. Als, 
Steigermeyer's Ill. 22, B.P.I. 540, and No. 617, all being provided by 
J. R. Holbert from the Bureau of Plant Industry experimental plots at 
Bloomington, Illinois. In addition, 4 other single crosses and 17 double 
and 4-way crosses were planted in the experiment, making 42 strains in all. 
These were planted in six-fold replication of two-by four-hill plots. The 
Warietal sequence within the replications was at random. Six plants in 
each of the 6 plots of each strain were infested by hand with 3 corn-borer 
egg masses, or about 93 eggs, per plant. The mean date of egg hatching 
was July 25. The 36 plants were dissected during the last week of August, 
when the borers were mature, and the rate of bore® survival was calculated. 
The rate of borer survival, the dates of tasseling and silking, and the 
differences between them are given in table 3. The mean tasseling and 
silking data for each strain are based on about 90 plants. 


RESULTS 
SINGLE CROSSES OF STRAINS HaVING DIFFERENT SHASONAL REQUIRIMENTS. 


Only 2 of the 42 strains, field numbers 6 and 42, tested in 
Experiment B sustained a rate of borer survival significantly less (2.00 x 
SE. with odds 19 to 1) than would be expected on the basis of the time of 
tasseling, and no strain sustained a rate greater than would be expected 
on the same basis. This was determined by comparing the generalized stand~ 
ard error of the mean rate of borer survival as determined from the field 
data with the difference between this and the expected rate. The expected 
rate was calculated on the basis of the maturity of the strains (silking 
date) and the number of days from tasseling to silking, both factors being 
considered jointly. These values are given also in table 3 corresponding 
to the rates of borer survival as determined from the field data. With 
the odds given, 2 out of 40 strains would, on the average, differ from the 
estimated value more than twice the amount of the standard error through 
chance fluctuations in sampling. It appears doubtful, therefore, if even 
the 2 strains previously determined as having a significantly lower rate 
were in fact in this category. Hence, no strains in Experiment B can be 
considered with certainty to have a lower rate of borer survival due to 
any other cause than a later maturity or a delayed tassel eclosion, 


However, On the basis of delayed tassel eclosion, some of the 
Strains might have value in developing borer-resistant double crosses. 
There are 15 of the 42 strains that silked less than 6,6 days after the 
tassels appeared. These 15 strains may be classified as follows: 
strains involving inbred Ru; from tassels to silks, 5. days 
4 { 


| ge, 4 | Sok 
5 Cw i" ' gte2, " " re fe 
1 strain Hl inbreds A4S and St.22 from tassels to silks, 3.8 days 


(Ohio 20 x 32) x Ohio 56; from tassels to silks, 6,0 days 


0 20 x 32) x Chio gi. i" " tb n 7 7m 0 
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Table 3. Mean dates of tasseling and silking with differences 
between them, and the rate of survival of borers 
hatching on July 25 on each of 42 strains of corn 
planted on May 27, 1935, near Toledo, Ohio. 


Field Rate of Date of Date of Differ- 
number borer survival tassel~ silking ence 
Pedigree of 2 ing 

(The pedigree is given strain 2 

irrespective of the way the sa 3 

crosses were actually made) 3 3 

- & Days from 
Percent Percert June 30 Days 
T11.A8 xX K.Y.S. 4 2.8.48 2,2 378 43.4 563 
No. 617 X KY.S. 2 2.14.3 2,2 37.4 45.3 7-9 
Tll. RY X K.Y.S. 7 168t.3 eo tise 2.2 5.0) 
(I11.RUxHy) X K.Y.S. # 2.2450 22 36.0 43.4 To 
Ill. 5120 X K.Y.S. 3 2.8.48 2.2 34.3 4.7 10.+1 
(111.RusHy) X (111.R4xIa.L317) 42 1.44.29 2.6 33.8 38.7 oe) 
Ste 22 X Tas1517 12 2,74,47 2.7 336 38.5 ued 
St. 22 X K.Y.S. L 2.74.47 2S eee 39. 6.5 
St. 22 X 111.5120 10 3.94.65 Sef 3503 8.0 Ye i 
Ta.L317 X K.Y.Se 5 bade 0 2.3 33.2 3.8 10.9 
St. 22 X 111.a48_ lL 2.74.47 2.8 33.2 720 363 
BeP.I. 540 X K.Y.S~ 6 1.54.30 235 eso 365 16.9 
Ia.L317 X 111.a48 21 2.81.4¢ 209 32.4 3769 pr? 
ITBE701 X I11.A48 22 244.43 2.9 32.5 36.7 o/4 
No. 617 X 111.448 24 ps@hene ae Bile 38,2 6.8 
St. 22 X B.P.I. 540 13 4.74.76 32 Shel 370 5.9 
No. 617 X Ia.L317 2) 3044.57 335 3046 39.0 cae 
(Ohio 56x61)X(I11.R4 x Ghio 20) 33 3.64.60 303 = 3025 3504 4.3 
I11.R4 X I1l.Hy 35 2.8+.48 305 3003 36.8 6.5 
111.5120 x 111.A48 27 3.24.55 306 ©3022 38.1 7+9 
111.5120 X Ia.L317 19 4.24.69 305 ©3062 3926 9.4 
(Ind. TRxI11.Hy)X(I11.R4xPR) 17 4.24.69 3.6 30.1 3767 726 
St.22 X No. 617° 9 4.94.80 3.5 30.0 352 oe 
(I11.AxHy) X(I11.R4xla.L317) 15 4.04.67 3.8 29.6 3764 728 
(Ohio 20x32) xX I11.R4 38 3.01t.52 3,8 29,5 36.3 6.8 
Ta.L317 X ITE7O1 23 3.74.62 309 29.5 38.6 9.1 
(Ohio 20x32) X Ohio 56 37 3.64.60 3.8 29,2 35.2 6.0 
{Gato 64x73) x A ~R4xChio 20) yh pe f+. 62 Be 28.9 35. 6.6 
Ill. 5120 Xx O1 O 4.64.75 "3 28,4 3/6 9.2 
Ind. rem) X oat 2S 4.64.75 ues 28,4 6. 8.3 
T11.AxH ke. nd. TRxIa. L517) 1 6. £1.03 De 0 28. 3p: 9. 2 
amie yx nd. 66 T™) 0 pete 08 ped 28. ‘ 8.4 
Ox’ ) O 4.8 77 so 28.0 330 5.6 
ech “et R = tri. AxHy) 18 6.01.08 5.2 27.9 36.1 8.2 
tare double cross No. 1 4 L Pot “ot +I Ag 31-4, ae 
(Ohi g jixind. TE) x (TAL. -R4xOhio 20) 3 be dtl -O} 28 af:4 38:5 = 
0. ery X 111.5120 14 (dled Te5 266 30. 10.0 
T11.KxR!) x (Ina. 66x7R) 3 Jot. Bee Boe gee 10.6 
Ind. WF9xI11.Hy) xX (Ind.66xTR) 8. 7t1. 2 8.8 25.9 6.0 10.3. 
Ill.A X Ind. TR 36 10.41. WS Es5 34.5 902 
ia 20x32 % 2 2 Bo9). 

Means - mo 30.5 38.0 15 
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There were 4 strains involving inbred A and 9 strains involving inbred TR, 
averaging 8.6 and 8.8 days, respectively, from tasseling to silking. Single 
cross #4 X TR has been considered one of the most susceptible to the corn 
borer, and it appears that this susceptibility is due to thé undelayed 
tassel eclosion of both inbreds A and TR in conjunction with a relatively 
early maturity. 


Single crosses that deserve consideration, from the standpoint 
of yield and reduction in the rate of borer survival due to delayed tassel 
eclosion,are those listed in table 44. 


Table 4 
Pedi gree Yield- Days Days Estimated Percentage 
bu. per from fr or Percentage of reduction 
acre planting tasseling borer survival in rate 
to to No delay Delay of 
silking silking in tassel in tassel borer 
eclosion eclosion survival _ 
St. 22xL317 416.0 7265 TS) 456 2.7 Wy 
St. 22x50 116.5 71s0 he 6.9 3.2 54 
701 x Allg 116.8 70.7 ; Tak 2.9 60 
L317 x Aus 109.2 Tie 9 5.5 5.4 2.9 6 
St. 22x5120 9,4 72.0 4.7 562 2at Lg 
St. 22xahs 96.0 71.0 at 6,8 2.8 59 
Means 71.5 9 6.0 2.9 51 


Tae estimated mean percentage of borer survival, 2.9, calculated 
on the basis of delayed tassel eclosion, compares with 3.¢ percent, the 
mean determined directly from the field data. 


The estimated percentages of borer survival in table 4 were cal- 
culated first, on the basis of the joint effect of maturity (silking date) 
and the delay in tassel eclosion (days from tasseling to silking) and 
second, on the basis of the joint effect of maturity and no delay in 
tassel eclosion (9.8 days from tasseling to silking) according to the 
methods outlined in the following section. 


THE RATE OF BOKER SURVIVAL AS AFFECTED BY THE COMBINED FUNCTION 
OF THE MATURITY OF CORN STRAINS AND THE NUMBER OF DAYS FROM 
TASSELING TO SILKING. 


Past experiments have shown conclusively that the relative rate 
of borer survival on different strains is largely dependent on the avail- 
ability, to newly hatched larvae, of the tassels as measured by the mid- 
date of tassel appearance. The date of tassel appearance within a planting 
is the result of two factors, namely, the maturity of the strain as meas-— 
ured by the number of days from planting to silking and the number of days 
from tasseling to silking. If all strains silked the same number of days 
after they tasseled, a difference of a day in maturity or silking would be 
6quivalent to a difference of a day in tasseling, in changing the rate of 
borer survival. A decrease in the number of days from tasseling to silking 
of strains of equal maturity delays tassel eclosion to the same extent or 
causes the strains to tassel as many days later. Thus, the delay in tassel 
eclosion and the maturity of the corn as measured by the mumber of days 
from planting to silking are the components of the final effect in reducing 
the rate of borer survival. 
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In Experiment B, it was found that a delay in tassel eclosion, in 
strains silking early, had a much greater effect on the rate of borer sur.. 
vival than a delay in tassel eclosion in strains silling late. In other 
words, the rate of borer survival is a joint function of the maturity of 
the strains and the delay in tassel eclosion. It was necessary, therefore, 
to estimate the percentage of borer survival for different combinations of 
Silking date and days from tasseling to silking in order to determine, for 
. Strains of given maturity, the effect any given dclay in tasse] eclosion 
would have on reducing the rate of borer survival. This was done by methods 
used in solving joint functions. Then the estimates of rate of borer sur- 
vival on each strain obtained by these methods were checked with the esti- 
mates obtained directly from the curve of average relationship between mean 
tasseling date and rate of borer survival and were found to agree closely, 
thus checking the accuracy of the methods. 


For strains of given maturity, the rate of borer survival, ac 
cording to the number of days from tasseling to silking, may be observed 
from table 5. ; 


Table 5 
Silking WNuonber Percentage of borer survival 
date of days 
after egg Days fron tagseling to silking 
hatching = Eig. ey ees es Matias RG: OA 8 
August 3 9 Se Se? Ue UG 7a 10,4 
4 10 aye) Se eh ee Oe eae. tet 
5 ti Se ee heen oe 6.0" 7 On9) $8.6 
6 12 See Oo ae Sees | Ser (G28 
i 1 Pol 258° 3,0 S25 our. Mud. See 
8 1 Guy Ge Be oe te he CRO. Lae 
9 15 Pa eee iG. 2.7 se) tee. ese 
10 16 O54 53 2.4) AS yy 2.8 |) 3.0 
11 7 Che (eee es) 2.8 ces Cat. eet 
12 1g Bron Oy eae ese 2a ee let 


For strains silking on August 3 and 4, or 9 and 10 days after egg hatching, 
a delay of 5 days in tassel eclosion decreased the percentage of borer sur- 
vival fron 10.4 to 3.4. This is a decrease of 676% percent. For strains 
silking on August 6, or 12 days after ege hatching, a delay of 5 days de- 
creased the nercentage fron 6.8 to 3.0, or a decrease of 55.8 percent. 

When the silking date was on August 8, or 14 days after egg hatching, the 
rate of borer survival decreased from 4.1 to 2.6, a percentage decrease 

of 36.6 . When the silking date was on August 10, or 16 days after egg 
hatching, the rate of borer survival was decreased 24.3 percent. When the 
silking date was August 12, or 18 days after egg hatching, any delay in 
tassel eclosion was ineffective in materially reducing the rate of sur- 


vival. 
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From these data it may be concluded that a material reduction in 
the rate of borer survival can be effected by breeding strains of corn that 
delay their tassel eclosion as much as 5 days and whose mid-silking date 
is no more than 16 days after the mean hatching date of the borer eggs. 
Also, on strains whose mid-silking date is no later than 9 and 10 days after 
the mean date of borer hatching, reductions of about 29 and 17 percent, re- 
spectively, can be made by delaying tassel eclosion even as much as 1 day, 
and when the strains silk no later than 12 days after the mean date of 
borer hatching, reductions of about 38 percent can be made by delaying tas- 
sel eclosion as much as 2 days. 


Considering the data from the alternative point of view, by 
planting strains that require 9 days longer to reach the silking stage and 
providing these strains do not silk before 18 days after the mean date of 
borer hatching, reductions of about 77, 69, 55, 6, i, and 35 percent in 
the rate of borer survival can be made with strains delaying tassel eclo- 
sion 1, 2, 3, 4, 5, and 6 days, respectively. From the data for strains 
with a normal emergence of the tassels (about 10 days between tassels and 
silks) it may be noted that the rate of borer survival on strains silking 
15 days after borer hatching was 3.4 percent compared with 10.4 percent 
on strains silking 10 days after borer hatcaing. This delay of 5 days in 
the maturity of strains, tasseling normally, caused a reduction of 67.3 
percent in the rate of borer survival. Since this reduction is the same as 
that obtained with the strains silking 12 days after borer hatching but 
delaying tassel eclosion 5 days, it follows thet the effect of 5 days de- 
lay in tassel eclosion on decreasing the rave of borer survival on these 
strains was equal to the reduction effected <n strains tasseling normally 
but requiring 5 days longer to reach the silking stage. Five days delay 
in tassel eclosion was also equal in effect to 5 days longer for seasonal 
requirements when the two comparisons are based on the data from strains 
silking 9 days after borer hatching but having 9 days between tasseling 
and silking instead of the normal 10 days. From these comparisons and a 
further study of the data it appears that, in general, delaying tassel 
eclosion is as effective, in reducing borer survival, as delaying the time 
of appearance of the tassels an equal number of days by the use of strains 
that possess longer seasonal requirements. 


INBRED EXPERIMENTS 
EXPERIMENT © 


In order to explore further the possibility of revealing charac- 
ters other than tassel eclosion that might contribute to corn-borer 
resistance, 136 inbred strains, representing a wide range in type of field 
corn, were planted on May 27. Studies of the association of tassel develop-— 
ment with corn-borer survival were an integral part of the work with these 
inbreds, including specific determination of those inbreds that have de- 
layed tassel eclosion, in addition to those already known to have this 
character. The strains were planted in two plots two-by—three hills in size. 
The inbred sequence within each of the two replications containing one plot 
of each irfbred was at random. The total number of plants in the two plots 
of each inbred after thinning was 30, distributed among the le hills as 
follows: three 1 plant-, three 2 plant-, three 3 plant-, and three 4 plant- 
hills. Hach plant was infested by hand with 3 egg masses (about 93 eggs) 
and the mean date of hatching of these was July 28. Since the tassels of 
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10 inbreds were so far advanced in development by this date, the data from 
these were not considered comparable to those secured from the other inbreds 
and they were not used in any of the calculations. The tasseling and silking 
dates and number of mature borers were determined for each plant. The ex- 
tended leaf height was recorded for each hill on July 26. The length, basal 
width, and middle width, were recorded f:r all the leaves of one typical 
plant of each inbred both at the beginnirs and at the end of the period duw- 
ing which eggs were placed on the plants, ‘he leaf area of each of the two 
different plants of each inbred was calculated and divided by the extended 
leaf height of the plant at the time the leaves were measured, giving an in- 
dex of bushiness, in terms of square centimeters of leaf area, per centi- 
meter of height. The mean of the two indexes, from each inbred,is given 

in table 6. The generalized standard error, of the mean index of bushiness, 
was found to be 1.84. Calculating from this veluc, little weight (odds 19 
to 1) should be placed in the differences betwocn the indexes of any tw 
inbreds of less than 5.2. The range in the values, of the index of bushi. 
ness, given in table 6 is from 16.1, indicating sparsely or narrow leave? 
inbreds, to 36.7, indicating many or wide leaved inbreds. 


The rate of borer survival was considerably greater on the 
inbreds than on the single and double crosses planted on the same date. As- 
sociated with the higher rate of borer survival on the inbreds there was 
an equally greater variability in the survivel1 rate as a result of chance 
fluctuations in sampling the inbreds (within inbred variability). This was 
to be expected, but this greater variability of the inbreds hid the under- 
lying relationship between the survival rate and date of tasseling when 
the data were analyzed according to the methods for a joint function that 
were followed in Experiment B. The data were finally analyzed according 
to the more usual methods of grouping, without being able to study the 
effect of different combinations of silking dates and days between tas- 
seling and silking on the rate of borer survival. 


RESULTS 
BORER RESISTANCE DUE TO TASSELING OF THE INBREDS 


To study the rate of borer survival on inbreds tasseling on 
different dates, the data from the 126 available inbreds given in table 6 
were listed according to their tasseling date. Then 7 groups, each of 18 
inbreds, were made and the mean values determined for each group. These 
are given in table 7. 











ye 


5 
me 
a 
5 
- 
3 


wi 


POTL 


q 
i 
é 
a 
i 


4 ! 
4: 
2 
3 
3 
Ga 
: 
: 


Redes t esl? te PY crt s 


te geemeiel of? a» 


ont oat 8 
vd 
ard | 


Looleg$ ead %o sevael ect If 


2h bol 


OF abbe)} éiigtew ef9ell you" 


«Ki 











aa 


int iytesh 





Hae 
He 
UT eet 
RRiRit 
RTE i*Ps 
tT hes Hi 

F293 
sf 3 } : 

EA BL 





Table «6 Mean dates of tasseling and silking with differences 
between them, and the rate of survival of borers 
hatching on July 28 on each of 136 inbred strains of 
corn planted on May 27, 1935, near Toledo, Ohio. 
Inbred 


Rate of borer Tasseled Silked Difference Height on Leaf area 


with survival July 26 per cm. 
field height 
mamber Actual Calculated 
Percent Percent Days from June 30 CMS ». Sq. cms. 

Seed contributed by J. R. Holbert, Illinois 

$29 27 10.541.63 10.6 2 39 861 144 au 4 
A 20 21.241. 10,6 25.6 38.5 12.9 132 28.7 
Niel 15 12.92.25 10.5 26.7 6,0 9.3 1 2656 
Sl 22 Te@il.2e 10,5 27.4 1.2 13.8 146 26.4 
S2 23 o5t4eHO 1065 BO 3785 1065 136 25.6 
S56 324. 742.72 = 10 B73 Sieh 2053 150 27.2 
S31 29 6.91.20 10. 5.4 36.4 - 26,3 fe 26.9 
4ogu 1 8643.27 20.4 2709 36.9 9.0 147 2608 
K 23 | Sebbles3 6 (10, 26,1 81.0 1159 122 24.4 
D2 17. 12.441.86 10,4 2767 3804 30.7 165 28.5 
DY 19 = 8 541.30 10.2 29.2 p28 10,44 151 25.9 
$17 2) 11.141.78 10.3 28.8 ~ 1103 134 20.7 
$28 26 10,041.50 10.3 28.9 40.2 11.3 140 23.9 
$38 31 «12.242.08 10.2 29.8 40.6 11.0 14. 31.9 
$30 28 13.42.38 10.2 29.6 38.2 8.6 129 21.9 
$13 24 14.742.72 10.2 29.8 39.1 9.3 165 2543 
D7 2) b.ltlses 10.2 29.8 39.7 9.9 152 Cis 
Kme 14 9,641.42 10.2 29.7 43.7 14.0 176 28.7 
alg 109s «9 74045 0s 31.1 38.0 6.9 107 28.0 
$55 eile &6 31.1 38.4 7-3 152 24.3 
$37 30 =612.041.75 923 5001 9.8 9.1 148 2709 
NI-3 12 10.41.61 9.5 30.6 40.3 9.7 163 26.2 
L 9 8.941.34 8.5 31.3 40.5 9.2 151 29.6 
Hy 2 9,341.37 8.5 31.3 40.3 9.0 170 29.6 
90 8 11,241.80 8.3 31.5 41.6 10.1 129 27.0 
St.22 210 947 7.6 33.0 40. To4 150 29,2 
Dg 21 BGrablel 103 B44 = =42,5 &.1 w1 25.6 
Hy 18-8 941.3 763 35.1 40.9 528 166 22.2 
R 1  SelthOS Tet 35.6 eu 6.8 143 25.46 
51200 Ci iG LH O71 ee 46.9 Se7 135 29.2 
KYS 16 = 4. 541.08 700 ef 52.0 sd 145 29.7 
Seed contributed by W. R. Singleton, Conn. 

243 135 12,042.02 10.5 27.5 4e.2 14.7 154 23.3 

20 136 TeHtlee? 2005 27el 1.3 814.2 160 2365 

21 137 9.0 30.9 41.1 10.2 160 25.8 
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Table & continued 


Inbred 
with 
field 
mumber 


seed contributed by N. P. Neal, Wisconsin 


Rate 0 


f borer 


survival 


Actual 


Percent 


Calculated 


Percent 


Days from June 30 


1323 69 ----- 10.6 20.7 
3 65 12.642,18 10,6 2343 
R3 6 Meerkssb. Ws 24.9 
6 66 10.441.61 10,6 2h.7 
1350 FE Sed 10.6 25.0 
1353 Je 10s24+1.55- 1046 oa 
1439 7% 85441428 10,5 25.9 
rsh 76 10,141.53 10.5 26.0 
L445 75) kettles | 20: 26.6 
3900 79 12,642.18 10< 27.6 
1367 73 = 49 342038 = 10 2709 
1342 7O 7341.23 10.4 28.0 
26 68 10.141.53 10.4 26,2 
1374 TY QeSile3? 1052 29.2 
1502 af 114641. 9.3 30.7 
23 67 66341.15 9.2 30.8 
Kutius 138 6.541.16 Tet 33.9 
seed contributed by Ae Ae Bryan, Iowa 
5,153 115 =~ 10.6 Clel 
BL 355 «42 1ls7tlsH «39-106 2h,7 
os Heo )§=— 344 -112942.00 +105 25.8 
oes) 18 OLE 7E 20.5 27.0 
Ugo 62 114 12,042.02 10.5 26.7 
Os 426 35 11.81.97 10.3 rede 
L 289 36 10.41.61 10.2 29.7 
ITE7O1 5 : 141.26 9.9 30.3 
Torre 4s 6.454570 (10,2 29.5 
T Pek -146 ° 1,20 9.9 30.3 
Bl 649 ay. Oee8. 37 9,6 30.6 
mc 401 39 10,041.50 957 30,5 
1 °705 3 6741.18 9.2 30.8 
540 4 1,65 9.7 30,5 
Dr 276 Ye 8,841.33 83 3165 
yet 37 Jedtlees = 745 33.6 
Bl O 7741.25 103 34.5 
Gb 37 3 3.340.90 Toe 36.2 
seed contributed by G F. Sprague, Mo. 
31 91 8.541.230 ai &.7 
on 90 9.2+1.37 {0 209 
4 agetiets 740 42.5 
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Table G continued 


_ Inbred Rate of borer Tasseled Silked Difference Height on Leaf area 
| with survival July 26 per cm. 
=) field height 


number Actual Calculated 
Percent Percent Days from June 30 cms. Sq- cms. 


Seed contributed by A. Re Marston, Michigan 


1457 Zs on 10.6 24.0 2.6 8.6 162 25.9 
107 Bi 941,48 sh 25.8 0.3 14.5 165 reas, 
137 BT Vihie. ss 105 26.6 40.6 14.0 144 22,4 

1458 4g 9-61.10 10.5 26.5 36.6 10.1 165 25.6 

1450 Ae ES Le al tee, ge.8)4° 37,5 3.7 180 23.6 
118 ES EE ae Pe AU A! ay 10.6 134 2159 
106 a 5641.09 83 31.6 45.1 11.5 156 18.2 

M.A. 225 e 5. 7t1.10 8.3 31.6 45.8 14.2 172 he 
101 e 6.91.19 7.8 32.6 42.5 9.9 151 ‘ 

77 S ect: eh S55) Wa ise 125 16.3 

seed contributed by Re G Wiggans, N. Y. 

2 IL7  s+- 10.6 20.5 30.9 10.4 170 18.9 
164 118 10.141,53 10.6 2257 33.2 10. He 136 19,2 
350 Bet ecareig 10.6 22,6 36.0 a 161 20,1 

1 122 13.642.44 10.6 epee Slee 174 26.4 

19 el Ge 341215 1046 2 39.0 th 145 22.9 

3 123 13.%42.48 10.5 26.0 35.4 12, 151 20.2 

79 12 Ass o7t2e465 10.6 25.5 37.4 11.9 wh 21.5 

4698 125 14.82.75 10.6 25.6 38.4 12.8 1g 21.6 

43697 126 10,441.61 10. 25.9 38.8 12.9 167 16.1 
143 119 11.541.90 10. 2738 38.3 10.5 141 17.9 

Seed contributed by G. H. Stringfield, Ohio 

ST 63 7e2t1.22 10.5 i ae 15.2 157 24.6 
20 57 8.741232 10.3 28.8 pees 10.0 He 22,1 
2) 32 «56 «7341-23 10.0 $051 Me 20s 161 23,2 
61 60 10.141.53 9.8 30.4 36.8 6.4 199 26.8 
73k 58 8 741.32 9.7 30.5 41.3 10.6 159 28.9 
7 62 9,141.35 86 34ae 42.6 11.4 155 26.7 
10 61 10.441.61 9.5 S.60 "hah 12.4 170 29,2 
02 59 5e2t1.06 - Tal 37.7 41.7 4.0 152 20.4 
seed contributed by R. Ro St. John, Indiana 
WF9 7 10.24+1.55 10. 26.2 3767 11.6 161 28.4 
TR 6 11,641.92 10. 26,3. 58e7 10.4 177 33.2 
Be BT Shleet 8.3 3156 3945 709 154 27.0 

38-11 GO Qef+ieh3 726° 32.9 45.9 13.0 172 2u.g 

T92 NN ae a 35.6 Yu. 5 8.9 161 29.1 
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Table “& continued 


Inbred Rate of borer Tassoled Silked Difference Height on Leaf area 
with survival July 26 per cm. 
field heignt 


number Actual Calculated 
Percent Percent ~ Days from June 30 cms. Sqe cms, 


Seed contributed by A. M. Brunson, Kansas 


Weel Bee. 7,2t1,e2 9,2 30.8 46.2 ce 136 30.7 
P.$.55 128 7.741025 9.5 3056 biog 14,2 143 3229 
He 28 130 8,541.30 8.3 Sabi tel 9.5 130 29,2 
HY 26 13 9.641,42 8.2 TP aheses  -4IK6 135 2348 
He 26 134 «406,841.18 7,6 33.0 40,0 7,0 132 a0.8 
¥.S.58129 7,541.24 7.3 9 45.3 10,4 14g 25,1 
9018 127 o 341037 720 2.2 Soa 6.5 158 28.3 
742.56 131 2 91.04 7.0 46.0 50.5 45 108 28.3 
Seed contributed by E. J. Kinney, Kentucky | 
50 107 11.541.90 10,3 e601) 42.4 13.5 187 23,3 
5 10S 14,742.73 10.3 S56 42.7 Lie! 152 raat 
1 102 Vs GaP 93 9.9 20.5u Sek 14.8 164 eu. 
30B 104 9.641.491 768 3358-8528 LOV7 142 25.5 
SF 10. .70541.23 166 Bt2 00 Ue? 12.5 166 21.9 
39 105 7.541.23 7.2 35.5 UL 6.6 162 2529 
21 106 5.%1.12 Ti 372 ie §.3 168 24.7 
58 103 6.81.18 70 44.7 ny 3.0 132 36.7 
Seed contributed by C. R. Burmhan, W. Va. 
17} «663. 8.041,.28 ao 33-0 45.3 12.3 157 24.2 
19 84 7,341.22 7.3 34.4 B45 W412 134 32.2 
23 & = 8. 5+1. 30 Tak 39.0 51.6 12.6 147 25.0 
22 86 9.741.043 120 39.4 45.6 6.44 135 18.3 
84 88 10.81.71 720 42.2 50.3 S.1 136 2745 
9% 8689 4.641402 720 39.4 Late ? 166 sy Pe 
Seed contributed by H.K. Hayes, Minnesota 
176 95 9,544.58. 10,6 21.2 33.6 12,4 140 16.2 
108 9% «OH .3.2E © 10,6 i ea a 10.5 24 21.7 
eh 92 «7,343,282 10,6 he 14669 1247 143 22,2 
9 99 --- 10,6 235 3249 9.44 135 17.4 
8 100 8%1.33 10,6 eNee 9te> Wee 158 21.9 
276 ere 10.6 256 3342 169 17e 20.5 
Oo BW 9241.36 10,4 27, 57 8.3 144 18.8 
27 OF 66141.13 S43 31.6 O.1 8.5 152 22.9 









yi f x 





a wel “ih 


a pia Ye cy tne aac sau besanast ‘ane 36 ota | nse he 
A a5 yi davies bie 


rosie. fo fa aia’ . ; Pond a 


ier - a | K au cow ops — dreorwt’ owe! 
enamel com ol ok. ¥d Soduchréaea bec 


os Sung au eh 
at 2 


at 
a o Os os be i 
parce, 2” EK; eal 
2 » eh rate ae ae 
Dbutaol. sos a oS ge Detudttace bees 








* 
s . See ie 


oe in oe 
* & 
Pate Fug 
US a7 t2 
Zee ‘i * ots A ae 
BERS ee 






i ms 
a2 ale ne fot «f oe ot 
a & | aes Set Be 
> aeons On ee 


" 
£ 


a ven | | Sidenetaeer boted 
. 


waye 





: 
Seeger 





ee ed ce le 


3 





ts 
ae 
ot 


Pm 
oe ox 
Bkehs 
cs ee a ao ae 
(aPGFO 





wea vi : 
spn! * 7 

7 i 
£y t : : 
Man ¥ 

4 ' 


Tasseling 
date - 
days from 


June 30 


eu, 4 
26.6 
28.3 
29.9 
31.0 
32.8 
38.4 


sah @ er 


Table 7 


Days from 
tasseling 


Percentage 


of 
borer 


survival 


10.58 
10.52 
10.37 
10,12 
8. 
7.66 
7.08 


When the inbreds were listed according to their silking date 


and the mean values of similar groupings determined, the results were 


those given in table 2. 


Silking 
date - 
days from 


June 30 


35-8 
ASe 
3965 
40.6 
12st 
43.8 
47.6 


Table & 


Days from 
tasseling 
to 


silking 


10, 

10. 

10.8 
10.7 
11.3 
2165 
10.3 


Waen the inbreds were listed according to 


Percentage 
of 
borer 
survival 


10.52 
10.57 
9.21 
9059 
8. 88 
§./2 
1055 


me number of days 


between tasseling and silking and the mean values of similar groupings 


determined, the results were those given in table 9. 
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Table 9 
Number : Silking Percentage 
of days date~ of 
between days borer 
tasseling from survival 
and June 30 
silking 
6.42 42,3 7.84 
8.58 40.9 &. 96 
9.96 59.1 9.85 
10.6% ho, 4 8.95 
11.66 hi.2 9.13 
12, 80 LO. 8 10. 67 
14,38 42.2 9.63 


By referring to table 7, it may be observed that the decrease 
in the rate of borer survival was greatest for inbreds tasseling between 
30 and 43 days from June 30. When the rate of borer survival is plotted 
against the tasseling date and a free hand curve drawn in (figure 1) it 
is seen that the curve flattens out, both at the beginning and at the 
end of the tasseling period, but between July 30 and August @ the rate 
of borer survival decreases sharply.This was between 2 and 5 days after 
borer hatching when the young borers were becoming established and during 
the most critical time of their development. Unavailability of the 
tassel buds for protectiom and food during this period caused the death 
of 23.6 percent of the number of borers that would have survived if the 
tassels had been fully available. 


A comparison between the rate of borer survival on the inbreds 
and that on the single and double crosses planted on the same date is of 
interest. The rate of survival curve for Experiment B is drawn in for the 
purpose in figure 1. This curve is set over to the right three days be~ 
cause the mean date of borer hatching was three days earlier in Experi- 
ment B. Points on the curve for Experiment B are comparable, therefore, 
to points directly above on the curve for Experiment C with respect to 
the number of days from borer hatching to the tasseling of the strains. 


It may be observed that the rate of borer survival on the inbreds 


tasseling so late that the tassels were not a factor in borer survival 


was found to be 7 percent, whereas a comparable rate of survival on the 
single and double crosses planted on the same date in Experiment B was 
found to be 2.2 percent. Rain probably accounted for much of this greatly 
decreased rate of survival on Experinent B. Experiment B was infested 
with nearly all of its complement of egg masses on July 24. Within the 
next 24 hours 0.44 of an inch of rain fell just when the eggs were hatch 
ing, probably washing many of the young borers from the plants. ‘The mean 
date of ege hatching on Experiment C was July 2&8, The weather was ideal 
for the establishment of the young borers during the next five days, 0.35 
of an inch of rain falling on August 2. Since the borers would have gained 
access to the tassel buds for protection during the five days it is not 
probable the rain on August 2 interfered with the establishment of the 
borers. 


is”) LA eel Te Wes © Boe 
4 lies aa oa ; ee, 5 nae 


Pat ri 








Stee tpeb oh! pets hovaseds od yar €2 .f added o¢ peleroler yt 
mooted ge Lf on» ad asotdst wt foebeots ow Lavivwe mwd Bo efaz of? at 
hettolg ei Levivan sows Yo a@ax act nod? OF aa rovt avabd FE has OF 

é2 {2 ewalt) 22 seach ovm beet eo a bne otab yx lesen? 09 secions 

ec) On len solenbsed aff 90 Ged ,$90 anett?elt owwo olf todd neeg af 

ofa3 ed? S furiod bow “leh noewted sud eho iteg grifonast ad? Yo bas 
7 §od%e eyat P-Ono S ao wiod nem ob. ylerteces senso med savivwe temd to 
Beiwh Bie becleifvetee aviewoed ator ated Bmey ot trode ur ftloted qexed 
OP Fo WO iL ded leven stnemmleveh swede: 20 emg? fan ttf geon art9 

- eeb edt Leecawy Seoltec ott gaia boot bas Bo eotowm wt ahed [cansd 
ont % bev iva ved bico acy Stew Yo wd ace Se. fteoteg 3.fS to 


: 
“3. a tab ene: et co ay Sree ens tect Bas 





{ireing sade Srna able om =  tomataaes -: even acd pénkot of taen 
Sigh eae Somes Ba eeoslh eéuheg of 
etalawe edd 16 jallonsad ed - b omazaas itn: eo Tyeh Yo toda edit 





ie 

















| oa 
ie: see oes Seana 2 09 Savet ean 
ir. i iene @. ae ier aca bw 6 betands we 


bani vomear 
ies oe 





— 


j 
¢ : 
oe |< 
a j 
4 ay it Py 
. zz 
“a ST. ~ 
_ vale 


— = 





arnmetenen eee ee ee ae ee 







@ 
ivial 


er Surv 


6 61 oor: 


o- 
ou 
jo 





£ 
Ay 
3 

: 

3 

H 
+ 
? 


Percent 





JAnrameenws wee senesnnpesesnetyetem panes 








July 24 re) 28 Oe MES L 
(@) 


re) 


July 25 2 2 


~ “a 


“7 
5 
e 















F ‘ ‘ . ae 
2 te te ee ee 






wt 


‘« s . = _ “a A ~~ : ee 
i myc Za > mi) te : ; 

Fe Gee 48) 24-801. 12E 

5 ee hic 

ay , ‘ ; 


eT 
. - 
4 
—— 
ah 


4 | a 

4 : Po am - ie -— * i 
" a 4 " 

Me } ; é 

|e inf 

| 

»! he | 

i. ‘ 


ee Cd 
W ¥ 

= 

. 

« 


Pees h sip. toll eu ty eee +24 
ie ea be i ue 


TY io sepy Cell 4 oh OS teh ie 
i ' 


ee ee 
—" 






= 


- = — - 
i 
m 
a 
ee 
j= 
rf 
- 4 


ty Pose tee ee ~ 


‘) 


a: 


When the rates of borer survival in tables 8 and 9 were plotted 
against the silking dates and against the number of days between tasseling 
and silking, respectively, and straignt lines fitted to the plotted data, 
it was found that each day later in silking and eacn day less in the nm 
ber of days between tasseling and silking was associated with a mean de- 
crease of 0.256 and a mean decrease of 0.287, respectively, in the rate 
of borer survival. Since the number of days from tasseling to silking was 
fairly constant from group to group in table 6 and the mean silking date 
was fairly constant from group to group in table 9 it appears that a de- 
lay of a day in tassel eclosion had about the sane effect in decreasing 
the rate of borer survival on the inbreds as an additional day in reach- 
ing the silking stage. This same conclusion was reached after treating 
the rate of borer survival as a joint function of the maturity of the 
strains and the delay in tassel eclosion in the single and double crosses 
of Experiment B. 


At the time of tassel emergence, in late July and early August, 
the inbreds were observed frequently in order to determine those whose 
upper leaves remained weapped around the emerging tassel longer than 
ordinary. Of the total 136 inbreds, 19 were so noted and 3 were question- 
able in this respect. Gi the total 136 inbreds <3 silled 8.5 days or less 
after sasseling. Of the 2¢ inbreds 15 were wuiose noted. with the lear wrap- 
pings ond 3 were those considered questionabie in this respect. The 2& 
inbreds with the accoapaming data are given in table 10. 


Table 10 

Inbred Days Leaf Inbred Days Leaf 

fr om wr ap- fron weap- 

tasseling ping tasseling ping 

to present | to present 

silking silking 
Ky. 58 3.0 Yes Iowa L234 7.9 Yes 
Chies02s° 0.256440 Yes Minn. 156 7,9 Questionable 
Kan. ¥.S.56. 465 Yes Ind. Be 7.9 Yes 
Ill. D3 5.8 No mW Se +20 8.0 Wo 
Mo. K7 5S Yes Wis. 23 §.0 Yes 
Mo. K4 6.0 Yes Towa 1205 &.0 No 
Ohio 61 6.4 Questionable W.Va. 4 8.1 A tendency 
W. Va. 22 6.4  <A-tendency Ill. DS 8.1 No 
Kan. 9018 6.5 Yes Lowa U.S.153 8.2 No 
Ill. R4 6.8 Yes Iowa Bl 345 §.2 Yes 
T1l. AMS 6.9 Yes Iowa 4 Co & 8.3 No 
Kan. Hg26 430 No Minn. 40 8.3 No 
Tile 8 55 if Questionable Ky. el G.3 Yes 
Tits. Stace re Yes Minn. 27 8.5 Yes 
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The wrapping of the leaves around the tassel was more pronounced 
in some of these inbreds than in others. Inbred Kan. YS-56, with broad 
crinkly leaves, was most pronounced in that respect. But it was one of 
the 5 latest in the experiment, silking on August 19. In fact, 10 of the 
15 inbreds listed above with wrapping of leaves averaged 4.5 days later 
in silking than the average of 126 inbreds. However, on the other hand, 
delay in tassel eclosion, with or without noticeable leaf wrapping, showed 
no relation to date of silking (table 9). Inbreds Ill. R4 and Ky. 21 were 
also pronounced in wrapping the leaves around the tassel. Inbred Ind. Be, 
although listed with leaf wrapping, was not pronounced in this respect. 
Inbred Ky. 58, noted with leaf wrapping, delayed tassel eclosion more 
than any other inbred, only 3 days elapsing between tasseling and silking. 
This inbred had very broad leaves and it is possible these contributed to 
the extreme delay in tassel eclosion. Inbreds Bl 345 and Iowa L234 were 
noted with leaf wrapping, but the top leaves were short and narrow. It is 
possible the small leaves of these inbreds contributed to a shorter delay 
in tassel eclosion, 8.2 and 7.9 days, respectively, elapsing between 
tasseling and silking, 


In addition to the 15 inbreds observed to possess leaf wrapping, 
and silking &.5 days or less after tasseling, inbreds Ill. Hy, Iowa L317, 
and Ill. 5120 were observed to have leaves wrapping around the tassel and 
inbred W. Va. 23 with a tendency in this respect. But the top leaves of 
inbreds L317 and Ill. 5120 were noted as being short and narrow. Neither 
Of these inbreds, when crossed with an inbred not delaying tassel eclo- 
Sion, contributed to delaying tassel eclosion in the single cross. Inbred 
L31/, however, when used in double crosses with inbreds having delayed 
tassel eclosion, contributed to a further delay in tassel eclosion and 
hence to greater resistance to the borer, Perhaps inbred 5120 would be - 
have in double crosses in a similar manner. Although the delay in tassel 
eclosion of inbred Hy is about average, when combined with R4 the single 
cross is one of the most resistant to the borer because of the greatly 
delayed tassel eclosion, 


The rate of borer survival on most of the inbreds discussed 
above was what would be expected on the basis of the date of tasseling 
and chance fluctuations in sampling. Any exceptions are noted in the 
section below. 


BORER RESISTANCE DUE TO CAUSES OTHER THAN THE TASSELING 
OF THE INBREDS. 


In order to assist in determining causes other than the tassel 
that might contribute to the borer resistance of individual inbreds, 
measurements were made of those physical and plant characters that might 
be expected to affect the rate of borer survival. These included the nun 
ber of plants per hill, the heights of the inbreds and the amount of 
leaf area per unit height. A greater number of plants per hill or a 
greater density of the leaves has been found under some conditions to 
raise the rate of borer survival through, it is believed, the additional 
opportunities offered the newly hatched borers to regain a position on 
the plants after being blown off. Small borers blown off tall plants might 
be carried farther and hence gain a position on the plants across the row 
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The heights of the inbreds on July 26 and the leaf area per 
unit height are given in table 6 also. Apparently, no relation existed 
between plant height and rate of borer survival in this experiment. This 
is shown from the data in table 11 obtained by grouping the inbreds ac- 
cording to their height and then according to silking date. 


Table 11 

Height in cm. Percentage Silking Height in cn. 

on July 26 of date on July 26 

(mean of 18 borer 

inbreds) survival D 

lye 9.08 35.8 255 
162 11.17 38.1 151 
156 9.37 pe 150 
150 8.96 «6 155 
144 8.72 42.1 150 
138 10.03 43,8 14g 
127 8.48 47.6 145 


The later silking inbreds were slightly shorter than the early silking 
inbreds and the shorter inbreds sustained a slightly lower rate of borer 
survival. Since it has been shown (table 8) that the rate of borer sur- 
vival was markedly less on the later silking inbreds, it follows that 
the slightly lower rate of borer survival on the shorter inbreds was 
probably due to these inbreds silking later, 


The inbreds were then grouped according to their index of 
bushiness and then according to silking date and the data averaged. The 
data are given in table le, 


Table le 

Sq- cms. leaf area Percentage Silking Index of 
Per cm. height- of borer date bushiness 

Index of bushiness survival 
19.4 9.97 35.8 23.7 
22.1 9.43 38.1 se 
soe 8.48 p22 24.5 
24.9 9.85 0.6 26.9 
26.1 9.37 Ye. 23.0 
27.9 9.31 43,8 26.0 
30.3 8.54 47.6 26.0 


The rate of borer survival decreases somewhat as the inbreds increase in 
bushiness. This is contrary to expectation. But the later silking inbreds 
tend to be more bushy and, as shown before, the rate of borer survival is 
lower on later silking inbreds. It follows, therefore, that the lower 
rate of borer survival on the more bushy inbreds was probably due to these 
inbreds silking later and not to any direct relation between bushiness 
and rate of survival. 
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As a further check on the effect of the density of leaves on 
the rate of borer survival the data from the various inbreds were tabu- 
lated according to the number of plants per hill, totaled and averaged 
for all inbreds. The data are given in table 13. 








Table 13 

Plant Total Total Per centage 
per borers plants of borer 
hill survival 
1 3111 390 8.58 + 2374 
é 6978 790 9-0 $5,203 
e 11534 1320 9.40 + .203 

11267 1348 8.99 + .202 


There was no definite tendency for the rate of borer survival 
to increase as the number of plants per hill increased. Aside from the 
rate of borer survival being least on the l-plant hills, the trend in 
the rate is contrary to expectations when the other hills are considered. 
The standard errors as given were estimated from the within strain vari- 
ability of the inbreds. Taking these into consideration and the fact 
that there is some strain-to-strain variability which cannot be estimated 
(the samples were not uniform respecting the inbreds composing them) it 
is doubtful if there is a significant difference between the l1-plant 
hills and: the e., 3-, or L_plant hills. Qn the basis of the variability 
between samples of the same strain there are no significant differences 
between c-, 3-, or L_plant hills. 


The mean rate of borer survival on each inbred is given with 
the generalized standard error for that particular mean in table 6, 
Accompanying is the rate of borer survival estimated from the curve in 
figure 1 according to the tasseling date of the inbreds. The difference 
between the rate determined from the field data and the estimated rate 
is more than twice the standard error in the case of 18 inbreds. But an 
error through chance fluctuations in sampling greater than twice (plus 
and minus) the standard error would occur on the average 1 out of 20 
cases. Of the 126 inbreds as many as 6 or 7 would thus deviate more 
than twice the standard error through chance fluctuations in sampling. 
Of these 6 inbreds 3 would, on the average, deviate negatively. Since 17 
of the 18 inbreds under discussion had lower than the estimated values, 
14 of the 17 probably had significantly lower rates of borer survival on 
them than would be expected on the basis of the time of tasseling. In 
arriving at the number of 14 inbreds with the significantly low rates of 
survival the standard errors of the rates of survival, estimated from 
the curve, are assumed to be so small, considering the number of inbreds 
used to define the curve of average relationship, that no consideration 
need be paid to them. Data for the 17 inbreds under discussion in the 
order of the magnitude of their deviation from the estimated values are 
given in table 14. 
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Table 14 
Rank Inbred Silk Percentage Rank Inbred Silk- Percentage 
in ing of in ing of 
extra date~ borer extra dates- borer 
borer days survival borer days survival 
resist- from resist- from 
ance June ance June 
30 es 30 S 
et ae) ca > 
® rap fo m 
3 fan) 3 rd 
~ cs » a3 
me Poe 4 2 
5 3 
1 Iowa L317 BBoS 403 fee 6) Wis. LL ste 30,4/.° 7.3.) tose 
CO eNeye 19 poe ae 10.6.6 (6° Wis. res pote 6.3 9.2 
Mich. 77 ST d 18 7 Yowa 122k O53 G50 ytoee 
Ti ose is 6.9) 10% 8 Mich. 106 43.1 5.6 8.3 
Spi iki Danie 8 1.2 7.2 10.5 9 Mich.M.A.225 45.8 5.7 8.3 
5 Ohio 87 Bea) he Oe 20 Ohio 32 40,2 734+) 10a 
5 Minn. 24 por tes X0so". 12. Towa T°205.0 Oe Gr5 fond 9.2 
12 Ili. RY fo buen g sy Wee 
13 Conn. 136 u43 7.9 | UOgS 
14 Kans.Y.$.56 50.5 ug 7:0 
Mean 6.3 9.5 


The mean rate of borer survival determined from the field data 
from the 17 inbreds is 33./ percent less than the mean rate estimated on 
the basis of the time of tasseling of the inbreds. If there are plant 
characters other than the tasseling of the inbreds that would cause a 
lower rate of survival of the borers it is among these 17 inbreds that they 
are most likely to be found. One of the 17 inbreds is Maize Amargo 225 
already reported by Mr. A. R. Marston of Michigan to be borer resistant. 
Two others of the 17 are inbreds out of crosses between Maize Amargo and 
local varieties. It is of interest to note that inbred L 317 gave the low- 
est rate of borer survival of any inbred tested. Considering the varying 
reaction of this inbred in hybrid combination, noted in Experiment B and 
Experiment A, it is especially important to give this inbred close observa- 
tion. No reasons are known why any of the other inbreds should sustain 
significantly lower rates of borer survival than their tasseling dates 
would indicate, 
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